The semi-solid flow battery (SSFB) is a promising energy storage technology that combines the high energy density of Li-ion battery (LIB) materials with the independent scalability of energy and power capabilities of redox flow batteries (RFBs). [1] [2] [3] [4] [5] [6] [7] The operational principle of SSFB is based on RFB, but employing suspensions containing LIB materials instead of dissolved electroactive species (Fig. 1a) . Despite the fact that the chemistry of SSFB relies on the chemistry of well-investigated Li-ion battery materials, the fluid electrodes cannot be assumed to behave as the solid ones. The formation of a stable solid electrolyte interphase (SEI) at the negative electrode of classic LIBs can be considered as a blessing since its electrically insulating character hinders the electron transfer at the surface of the electrode and prevents further decomposition of the electrolyte solution. Only through the formation of a stable SEI, active materials operating at very cathodic potentials are suitable for LIBs, e.g. graphite at 0.1 V vs. Li/Li + . Although the properties of the SEI in SSFBs may be very similar to those of SEI in classic LIBs when using the same electrolyte solution, there is a major difference between the SEI in LIBs and SSFBs (Fig. 1b) : namely the location of the SEI. In classic LIBs, the SEI is formed around the ''static'' solid electrodes, allowing many contact points between particle/particle and particle/current collector to remain mostly ''uncovered'' for facile electron transport across the entire solid electrode. Thus, the SEI in LIBs is mostly located at the interface between electrode and electrolyte. On the other hand, in SSFBs the active particles are in continuous motion. The contacts for electron transfer between current collector and particles are severed and re-established continuously, which allows the SEI to cover the entire current collector. Thus, the SEI in SSFBs is mostly located between the current collector and the fluid electrode. Once the SEI is formed in SSFBs, the electrons must cross this electrically insulating barrier on their way from the current collector to the active material and vice versa. Fast electron transfer kinetics between the current collector and the fluid electrode are necessary for high-performance SSFBs. Scanning electrochemical microscopy (SECM) in the feedback mode provides this type of information, which was previously used for the study of the properties of the SEI in classic Li-ion batteries. [8] [9] [10] [11] [12] . The signal at the tip (red line) provides information regarding the charge transfer kinetics at the surface of the current collector. In a simplistic view, values of I/I bulk above unity reveal the occurrence of fast charge transfer at the current collector (Fig. 2b) , while values below unity indicate the hindered charge transfer (Fig. 2c) . Initially, the value of I/I bulk was ca. 1.3 and it increased in the cathodic scan due to the increased driving force at the current collector for the regeneration of the mediator. I/I bulk at the tip reached a value of ca. 1.8 at 1.5 V vs. Li/Li + and remained stable. The value was expected to remain constant, but it drastically dropped when potentials more cathodic than 1.0 V vs. Li/Li + were applied to the current collector.
I/I bulk continued decreasing until the end of the cathodic scan at 0.01 V vs. Li/Li + . During the entire anodic scan, the value of I/I bulk remained at ca. 0.6. In short, I/I bulk values above unity were recorded during the initial cathodic scan at potentials more anodic than 1.0 V, while I/I bulk values below unity were obtained for the rest of the measurement. This indicates that the formation of the SEI, previously reported in Li-ion batteries to occur at ca. 1.0-0.8 V vs. Li/Li + in the first cathodic scan mainly, [12] [13] [14] turned the surface of the Cu current collector from kinetically active to inactive charge transfer at ca. 0.8 V vs. Li/Li + . In classic LIBs, this loss of activity towards electron transfer at the electrode surface prevents continuous decomposition of the electrolyte solution, which is truly beneficial. However, SSFBs require the electron transfer at the surface of the current collector to occur since the active materials are suspended in the fluid electrode. As a consequence, the Li-ion (de-)insertion in active materials operating below 1.0 V vs. Li/Li + is expected to be challenging in SSFBs. Therefore, the hindrance of the charge transfer at the surface of the current collector should be considered as a limitation for SSFBs, instead of an advantage. Lithium titaniate (LTO) operates within the electrochemical stability window of carbonate-based electrolyte solutions since the (de-)intercalation potential of LTO is ca. 1.55 V vs. Li/Li + . 15, 16 Therefore, a SEI is not formed (or only a very thin one) when using LTO as negative electrode material because potentials overpotential of 260 mV will be induced by the SEI. As a result, the fluid electrode will be polarized only to 0.27 V vs. Li/Li + , which is not sufficient for the lithiation to occur at graphite.
On the other hand, the use of active materials operating between 0.8 V and 0.4 V vs. Li/Li + appears to be possible because of the erosion of the SEI by the slurry in flowing conditions. Although lithiation of active materials in the range 0.8-0.4 V vs. Li/Li + is possible, operating in this potential range will probably lead to the consumption of the electrolyte solution over time.
The classic schemes (Fig. 4) employed to represent the energy density of a LIB active material in EC-based electrolytes (operating potential vs. specific charge) should be reconsidered for SSFBs. For LIBs, negative electrode materials located at the right bottom corner of the scheme are highly desired (Fig. 4a) , which is possible thanks to the electrically insulating character of the SEI. However, the right bottom corner appears to be inaccessible for SSFBs since the lithiation of materials below 0. 
